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XVIL On the Analyfs of a Mineral Subftancefrom New Soutfe 
Wales. In a Letter from JoGdh Wedgwood, Ef^. F. R, S^ 
and A. S. ta Sir Jofeph Banks, Bart. P^ R^ S. 



Read April 1 5, i f^o. 

DEAR S I K', Etruria, March 12, rygOo 

1HAYE the pleafure of aGquamtmg youy that the claj^ 
from Sydney-Cove, which you did me the honour of fub- 
mitting to my examination, is an excellent material for pot- 
tery, and may certainly be made the bafis of a valuable manu- 
fadture for our infant colony there. Of the fpecies of ware 
which may be produced from it, you will have fome idea from^ 
the medallions I havefent for your infpedlon. 

The other mineral, which you favoured me with a fpecimeii^ 
of, feems to me to contain one iiibftance hitherto unknown, 
and another not known in the fl:ate of purity in which it is 
here found. I (hall therefore take the liberty of flating, as 
concifely as I can, the principal refults of the experiments that 
have been made upon it by myfelf and my affiftant Mr.. 
Chisolm j fubmitting it to your judgement, whether any of 
Ihem be of importance enough' to be laid before the Royal! 
Society^. 

I have the honour to be, &c. 

JOS. WEDGWOOm 
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:£naiyikal experiments on a Mineral from Sydoej*«Cove in 

New 6oiith Wales. 

THIS mineral is a mixture of fine white fand, a foft white 
earth, fome colourlefs micaceous particles, and a few black 
ones refembling black mica or black-lead; partly loofe or de- 
tached from one another, and partly cohering together in little 
friable lumps. 

None of thefe fubftances feem to be at all adled upon by the 
nitrous acid, concentrated or diluted ; nor by oil of vitriol di- 
luted with about equal its meafure of water ; in the cold, or 
in a boiling heat j the mineral remained unaltered in its ap- 
pearance, and the acids had cxtra£ted nothing from it that 
could be precipitated by alkali. 

Oil of vitriol boiled upon the mineral to drynefs, as in the 
procefs of making alum from clay, produced no apparent 
change in it ; but a lixivium made from this dry mafs with 
water, on being faturated with alkali, became fpmewhat tur- 
bid, and depofited, exceeding flowly^ a white earth in a gela- 
tinous ftate, too fmall in quantity for any particular examina* 
tion ; but which, from its afpe£t, from the manner in which 
it was obtained, and from the tafte of the lixivium before the 
addition of the alkali, was judged to be the aluminous earth. 

The marine acid, during digeftion, feemed to have as little 
aftion as the other two ; but on pouring in fome water, with a 
view only to dilute and wafh out the remaining part of the acid„ 
a remarkable difference prefented itfelf ; the liquor became in- 
ftantly white as milk^ with a fine white curdly fubftance in- 
termixed J the ftrong acid having extraded fomething which 
the fimple dilution with water precipitated^ 
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The white matter beiiig wafhed off, more fplrit of fait was 
added to the remainder, and the digeftion repeated, with a long 
tube inferted uito the mouth of the glafs, fo as nearly to pre- 
vent evaporation. The acid, when cold and fettled fine, was 
poured off clear ; and on diluting It with water, the fame 
milky appearance was produced as at firfl. 

The digeftion was repeated federal times fucceffively, with 
frefh quantities of the acid, till no mllklnefs appeared on di- 
lution. The quantity of mineral employed was 24 grains 1 
and the reliduum, after the operations, wafhed and dried, 
weighed fomewhat more than 19 grains; fo that about one- 
fifth of it had been diflblved. In fome parcels of themlneral^ 
taken up promlfcuoufly, the proportion of foluble matter was 
much lefs, and in none greater. It is only the white part, and 
only a portion of this,, that the acid appears to a£l upon : the 
white fand,' much of the white foft earth, and all the black 
particles, remain unaltered. 

To try whether this tedious procefs of folutlon could be ex- 
pedited by triture or calcination, fbme of the mineral was^ 
rubbed in a mortar ; and in doing this, It appeared pretty re- 
markable, that though the black part bore but an inconfidera- 
ble proportion to the reft, yet the whitenefs of the other was 
foon covered and fuppreffed by it, the whole becoming an 
uniformly black, fhliiing, foft, unftuous mafs, like black- 
lead rubbed in the fame manlier; with a few gritty particles 
perceptible on preffing hard with the peftle. A penny- weight 
of this mixt, fpread thin on the bottom of a porcelain veflel. 
Was calcined about an hour, with a fire between 30 and 40 
degrees * ; it became of an uniform, dull^ white, or grey colour^ 

excepting 

* Bj degrtet of Jin^ or of htat dhvt igmikn^ I mean thofe of mj thermo- 
meter I 
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excepting a very few, and very fmallvfparkling, black particles^ 
fufpeded to be thofe which had eluded the a£tion of the peftle ; 
it loJft in weight fix grains, or one-fourth. 

The muieral, thus ground and calcined, was fojilnd to be 
juft as difficult of folution as in its crude ftate; with this 
additional difadvantage, that the undiffolved fine particles are 
indifpofed to fettle from the liquor. 

In all the experiments of diflblution, as often as the heat 
was at or near the boiling point of the acid, frequent, and 
pretty fingular, burfts or explolions happened, though the 
matter lay very thin in a broad-bottomed glafs. They were 
fometimes fo confiderable as to throw off a porcelain cup with 
which the glafs was covered, and once to fhatter the glafs in 
pieces. In a heat a little below this, the extra£lipn feemed 
to be equally complete, though more flow ^ but a heat a little 
below that in which wax melts, or below 140'' of Fahren- 
heit's thermometer, appeared infufficient. 

To determine the degree of dilution neceffary for the preci- 
pitation of the diffolved fubftance, and whether the precipita- 
tion by water be total, a meafure of the folution was poured 
into a large glafs, and the fame meafure of water added 
repeatedly. Tlie third addition of water occafioned a flight 
milkinefs, which increafed more and more to the fixth. The 
liquor being then filtered off, another meafure of water pro- 
duced a little frefli milkinefs ; and an eighth rather increafed 
it; a ninth and a tenth had no eff^edl. The liquor being now 
again palled through a filter, folution of fair of tartar did not 
in the leaft alter its tranfparency ; fo that, after the folution 

meter; and fome idea raay be formed of their value, by recolleding, that they 
commence at vifibie rednefs ; and that the extreme heat of a good air-furnaccj 
of the common conflrudion, is 160°, or a little more. 

lias 
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lias been diluted witfi eiglit or nine tinifes its meafufe of water, 
there is oolEiog left: in it that alkali can precipitate. 

From the manner in which the folution is neceflarllj pre- 
pared^ it cannot but Contain a great redundance of acid; for 
the fmali quantitjr of acid, fufficient, for holding the folublc 
part fufpended, would be foaked up or entangled bj the undif-* 
folved part, fo as fcarcelj to admit of any being poured off; and 
it cannot be diluted, or wafhed out, but bj the ftrong acid 
itfel£ The folution with which the above experiment was 
made was reckoned to have only about fix grains of the fbluble 
matter to three ounces of fpirit of fait, having been prepared 
by digefting that quantity of the fpirit by half an ounce at a 
time on thirty grains of the crude mineral* 

K faiurated Mx^^Mm was obtained by digefting, in a fmall 
portion of the folutions thus prepared, the precipitate thrown 
down by water from the larger portions tiU the acid would 
take up no more, A folution, thus faturated, cannot bear the 
fmalleft quantity of water, a fingle drop, on the firft contaft, 
producing a milky circle round it* 

Examnaiim ^ ih ahowfubjlante^ extraSltd from the mmml by 

marine acid^ and precipitated by mater. 

This fubftance, wafhed and dried, is indiffoluble in water, 
as indeed might be expeded from the manner of its prepa- 

ration. 

Nor is it aded upon by the nitrous or vitriolic acids, concen«» 
trated or diluted, cold or hot; nor by alkaline fblutionS;, mild 
or cauflic, of the volatile or fixed kind. 

It is diflblved by ftrong marine acid, but not without the 

afliftance of nearly the fame degree of heat that is iieceflary 

for its extra^lion from the mineral* From this foluclon it is 

I precipitated 
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precipitated by water; and, after repeated diflblutions and, 
precipitations, it appears to have fufFered no decompofition or 
change. 

Spirit of nitre, add^d to tne fatu rated fblntion, makes no 
precipitation ; and if the quantity of nitrous acid exceeds, or 
at leall does not fall much fhort of, that of marine acid in the 
folution, the mixture luffers no precipitation from water. Nor 
does any precipitation happen, though the nitrous fpirit be 
^r^^i;/a^); mixed with even a large quantity of water; provided 
the quantity of lolution added to it does not exceed that of the 
nitrous fpirit m the mixtu^re. The appropriate menftruum for 
this fubltance (that is, for keeping it in a flate of dilute folu- 
tion) appears therefore to be aquaregia; and the due propor* 
tioas of the two* acids, of any given flrength, might be deter- 
mined^ if neceflary,. with greater accuracy and faGility for 
this than for any other body I know of; becaufe, if there be 
even a very minute furplus of marine acid iix the folution, 
that furplus will inHaotly betray itfelf od dropping a little into 
water, all that was diflblved by //, and no more, being preci- 
pitated by the water.. It may be obferved, however, that 
where an addition of nitrous acid is ufed, a Jafurate J {olMtiovi 
cannot be obtained (unlefs by fubfequent evaporation), the fame 
quantity of marine acid being neceflary with as without that 
addition : the change, or modification, which the nitrous acid 
produces in the marine, ferves, im the prefent inftance, not for 
eiFefting the folution, as in the cafe of gold and fome other 
metals, but merely for enabling it to bear water without depo- 
fiting its contents. 

Oil of vitriol, dropped into the faturated marine folution,, 
occafions no change till its quantity comes to be about equal to 
that of the folution j a considerable efFervefcence and heat are 
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then produced, the liquor becomes mllkji and the marioe acid 
is extricated In its ufual white fumes. The mixture, heated 
nearly to boiling, becomes tranfparent, and afterwards con- 
tinues fo in the cold. This vitriolic folution is precipitated by 
water, and the precipitate is re-diflbl?ed by marine acid. 

The faturated marine folutlbn is indifpofed to cryflallize. By 
continued evaporation in gentle heat, it becomes thick and 
butyraceous, and in this ftate it foon liquefies again on expo- 
fu re to the air. The butyraceous mafs, in colour whitifli or 
pale yellow, is not corrofive, hke the iimilar preparations 
made from fome metallic bodies; nor is it more pungent in 
tafte, but rather lefs fo than the combination of the ilime acid 
with calcareous earth. In a heat increafed nearly to ignition^ 
the acid Is difengaged, and rifes in white fumes, which, re- 
ceived in a cold phial, condenfe into colourlefs dtdps, without 
any appearance of fubliniate* From the remaining white mafs, 
fpirit of nitre extrads fo little as to exhibit only a flight miilki- 
nefs on adding alkali ; a proof that nearly all the marine acid 
had been expelled ; for, while that acid remainsj the whole is 
diflbluble by the nitrous. 

The fubftaiice in queftlofi is not precipitated by Pruffian 
lixiviuiti. A drop or two of the lixivium do indeed ocrcalion a 
little white or blulfli* white precipitation in tho /aturated ma- 
rine folution I but in the more dilute no turbidnefs appears till 
the quantity of lixivium is fuch as to produce that efFeft by Its 
mere water; and when the precipitate has at length been 
formed, it re-diflblves in marine acid as eafily as that made by 
water ; whereas the precipitates refulting from the union of 
the Pruffian matter are not afted upon by acids, till that mat- 
ter has been extrafted from them by an alkali. For further 
fatisfa£Hon in this important point, the experiment was 
7 repeated 
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repeated with a folutioii in aqya regJa. Here the Proflian lixi- 
vium, in whatever quantity it was added, oecafioned no preci- 
pitation at all (only the ufual bluifhnefs, ariiing from the iron 
always found in the common acids) ; and pure alkali, added 
afterwards, precipitated J:he original white fubflance unchanged* 

The following experiments of precipitation by alkalies were 
made with the marine folution, before the efFeft of an addition 
of nitrous acid had been difcoveredi and they were made with 
fo much card and attention, that it was not thought neceffary 
to repeat them afterwards. To obviate, as much as poffible, 
the equivocal refuits that might arife from water contained in 
the precipitarits, the different alkalies were applied in the dryeft 
jftate 1 could reduce them to; vm. pure Jak of tartar, kept for 
fome time in a heat juft below rcdnefs ; cryftals of marine ah 
kali, melted and dried in the fame manner ; volatile aikali in 
cryftalsj, a little furplus acid being, in this inftance, previoufly 
added to the folution, to counteraG: the water of cryftallization 
in the alkali I fait of tartar caufticated hj quicklime, and 
liaftily evaporated to drynefs i the marine alkali cauficated in 
like manner ; and the vapour of cauftic volatile alkali ariiing, 
with a very gentle heat, from a retort into a phial containing 
the folution. All thefe alkalies oecafioned copious precipita- 
tlons. All the precipitates, after wafhing and drying, were 
found to re-diflblve in marine acid ; and, from all thefe folu- 
tions, the original fubftance was precipitated, unaltered, on 
diluting them with water. 

In flrong fire, from 142 to 156 degrees, this fubftance dif- 
covers a much greater fufibility than any of the known fimple 
earths. In a fmall veflel, made of tobacco-pipe clay, it melted, 
and glazed the bottom; and dn a bed of powdered iint, prefled 

Vol.. LXXX, T t fmooth 
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fmooth in the manner of a cupel, it did the fame. Magnefin^ 
or chalk, ^ould indeed vitrify in the day veflel ; hut on iint, 
no one of the kno%¥n earths Ihews any tendency to vitriicatioa 
in that heat ^. In a cavity^ fcooped in a lump of chalk, this 
fubftance, in the heat above 'mentioned, run into a fmall 
round b' ad, fmooth, whitifh, and opaque, nol in the leafl ad» 
hering to the calcareous mafs. On a bed of powdered quick- 
lime it formed a brownifh fcoria, which in great part had funk 
into the lime, and feeiiied to have united with it. On Mr* 
Henry's magnefia, uncaicined, it melted and funk in com-*, 
pletely, leaving only a flight brownifh ftain on the furface 
where it had lain. On beds of the barofeknite and baiytio 
quicklime, it likewife melted and funk in, leaving a diicom 
loured fpot behind ; but whether it really united with the fuh* 
jftrata, or only penetrated into their interlaces, could not be 
determined with certainty, on account of the fnaalkiefs of lb© 
quantity of the mineral I had to work upon. 

On a bed of powdered charcoal, in a crucible clofely lutedv 
this fubftance likewife melted ; and therefore it may be pre^ 

* It may be proper jull to mettioo, that I find: tWs to be a lery eomipodioQf 
and fure metliod of tryiog, in, fmall, whether any given earthy body be fufibl^ 
with other earths. If the body is dil^ofed to vitrify with any proportion of clay 
or iint, for inftance, it will equally Yitrify when a little of it is applied, or even 
dnfted only, on the bottom of a fmall cup made of clay, or on a fmooth clofe bed 
of finely powdered flint. The body, in this mode of appMcation, feems to unke 
with only juft fo much of the matter of the fuhllratuii^ as. is requlfite for their 
mod perfea, fufion together, and has nothing dfe in coptad with it, fo th^t no 
deception can arife 5 whereas^ if mixe^ with the fame matter, there might be no 
appearance of fufion, unlefs certain favour^Ie proportions of the two fliould 
chance to be hit upon; and even then, if the quantity be fmall, it would not be 
certain but that the fufion might have origJiiated from the ipittei! ol the crucible, 

3 lumed 
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famed not to have owed its fuiion, in the above experiments, 
to the fame cawfe to which fome of the common fimple earths, 
in certain circumftances, owe theirs, namely, their union with 
the matter of the veflel or fupport, that is, with an earth or 
earths of a different kind from themfeives ; but to pdflefs a 
fuiibility ftriitly its own^ which takes place in a fire of 150 
degrees, or perhaps lefs- 

As cliarcoal in fine powder affumes a kind af fluidity in the 
fire, fimilar to that which powderad gypfum exhibits in a fmali 
heat, itB furface had changed from concave to horizontal, and 
the bead had funk to the bottom ; it was rough and black on 
the outfide, and whitifti within. On repeating the experiment 
in a cavity fcooped in a piece of charcoal, the refult was a 
blackifh bead like the former, only fmooth on the outfide, wnth 
fomething of metallic brightnefs, not unlike that of black- 
lead. Both beads were very light, and had a confiderable ca* 
Vity within. All the internal part was whitifh, without the 
leafl metallic afped ; and the external glofly blacknefs appeared 
to be only the ftaiti which charcoal powder communicates, in 
ftrong fire, to fome earthy bodies that have a tendency to 
vitrify. By boiling in concentrated marine acid a part of the 
beads was difTolved, precipitable as at firft by water ; but an 
accident prevented the procefs from being continued fufficiently 
to determine whether the whole could be diflblved or not. 

By this fufibility in the fire; folubility in one only of the 
common mineral acids, and parting with the acid in a heat 
below ignition ; precipitability by water, and non-precipita* 
bility by Pruffian lixivium ; this fubftance is ftrongly difcrimi- 
nated from alt the known earths and metallic calces. And as 
it fuffers no decompofition from any of the alkalies, in any of 

T t 2 the 
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the ufual mod^s of application, 1 prefume, it cannot be confl- 
dered as a combination of any of thofe earths or calces with 
any of the known acids; for all the combinations of this kind 
would, in one or other of the above methods of trial, have 
had the earth or metal difengaged from the acid. 

Whether this fubftance belongs to the earihj or metallk clafs, 
I cannot abfolutely determine; but am inclined to refer it to 
the earthy; becaufe, though brought into perfe£l fu lion, in 
contad with inflammable matter, and in clofe veflels, it does 
not adbme the appearance which metallic bodies do in that 
circumftance. 

Examination of the bkch particles* 

Thefe particles, which bore but a very fmall proportion to 
the other matter, were in form of fhining black fcales, very 
thin, and very light* One grain weight of them, carefully 
picked out, expofed to a Ere which was gradually raifed to 
about 90% and continued in all about 40 hours, in a veflel 
loofely covered, was almoft %¥hoily diffipated, arfd what little 
remained was perfedly white. Marine acid had no efFe£t on 
it. , , ^ , 

Fifteen grains of the entire mineral loft, in the fame fire^ 
three grains. After feparating from another portion of the. 
mineral, by wafhing and otherwife, a conliderable quantity o£ 
the white matter, 15 grains of the remainder, containing of 
courfe more than its due proportion of the black, loft five grains ; 
fo that it feems principally to be the fubftance on which the 
blacknefs depends that is deftroyed or diflipatcd b? fire. The 
fame quantity, 1 5 grains, of common black-lead loft in the fame 
ire above '14 grains, the refiduum weighing lefs than one grain. 

Though. 
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Though no conclufion can be drawn from thefe experiments 
refpeftlng the comparative lofs of black-lead and the pure black 
matter of this muieral, on account of the heterogeneous parts 
intermixed with the latter, the colour of the refidua feems to 
afford a fuiBcient difcrlmination between them ; that of black- 
lead being dark reddifh brown, but the others purely and uni- 
formly white. 

As tjiis fubftance could not now be fuppofed to be eithep 
iron mica, or the common kind of black lead,, fufplcion fell 
upon molybdsena. I had not, at that time, had an opportunity 
of procuring a fpecimen of molybdisna to compare it with;; 
but from, the lingular and llrongly-marked properties of the 
molybdaenic acid, difcovered by Scheele, it was judged, that 
a very fmall quantity of it, when difengaged from the fulphur 
with which it is naturally combined,, would eafily be diftin- 
guifhable. 

HjELM's'procefs for difengaging the fulphur,, by repeatedly 
burning linleed oil upon the molybdaena in a crucible, and 
afterwards abflrafting fucceffive quantities of the fame oil from, 
it in a retort, was tried on a portion of the Sydney-Cove mi- 
neral, from, which much of the white matter had b^en fepa^ 
rated, as above mentioned. The black coal, remainuig in the 
retort, became yellow by calcination, as that of molybd^na 
fhould do ; but in this yellow powder,, ao veftige of molyb-' 
daenic acid could he difcovered. 

Another quantity of the mineral was fubmitted to Scheele's 
own procefs, vi%. repeated abftradions of /^//^/^^ nitrous acid i 
but, inftead of becoming whiter every time, and at length 
white as chalk, which molybdaena ftiould do, the blacknefs of 
this matter continued unaltered to the laft* 
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There Is one circumftance in Mr, Scheele's experiments-^ 
which, though omitted by thofe who have given abftra£ls of 
them, may deferve, on the prefent occaiion, to be ipore parti- 
cularly noticed. He redxiced the molybaaena into fine powder 
and poured upon it concentrated nitrous acid: ^* the mixture, 
he lays, ^* was hardly lukewarm in the retort, when it palled all 
*' together into the recipient with great heat;'* audit was for 
ibis reafon that he afterwards ufed diluted acid. Prefuming 
that this violent aftion of the concentrated nitrous acid might 
afford a deciiive criterion of molybdaena, I had the black refi- 
duum, after five or fix abftradions of the diluted acid, ground 
fine upon a levigating glafs, and returned iiito the retort, with 
fix times its weight of fmoking fpirit of nitre. The heat was 
increafed cautioufly far beyond lukewarm, but no commotion 
could be perceived, except the explofions already mentioned^ 
which always took place when the mixture was near boiling* 
The diftiUation was continued to drynefs, and repeated five 
times with the fmoking acid ; but the mineral remained juft as 
black as it was at firft. 

Now, as Scheele's molybdsena is flowly decompofed by the 
diluted nitrous acid, and rapidly afted upon by the concen* 
tratcd acid, while the black part of this mineral obftinately 
refifts both, I think we cannot hefitate to conclude, that this 
black fubftance is not Scheele's molybdi^na* There are fome 
other circumftances which confirm this conclufion, although, 
taken fingly, they would not, perhaps, be of much weight, 
confidering the great proportion of other matter here mixed 
with the black. The principal of thefe circumftances are, that 
it yields 110 flowers before a blow-pipe, and that its par- 
ticles feem to have no flexibility or elafticity, the only difficulty 
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of reducing it into fine powder arifing from a property pf ano- 
ther kind, un<5luofity. 

The difference, above taken notice of, between this black 
matter and common black-lead, coniifts only in the former 
leaving on calcination a white fubftance, feeming!y firiceoiis, 
2^d the latter a brown ferrugineous one. In their af]oe£t, 
TO<^uofity, refiftance to acids, and the volatih' ty (in open fire) 
of that part in which the black nefs confifts, they perfectly 
agree; and they appear to agree alfo in the nature or conftitu- 
tion of this volatile part; for the Sydney-Cove mineral, as 
well as black-^lead, deflagrates and effervefces very ftrongly 
with nitre, produces an hepatic impregnation on fufion with 
vitriolated alkali, but none with pure alkali, and is manifeflly 
rich in inflammable matter, without fulphur. 

It feems, therefore, that this fu|)fl:ance is a pure fpecies of 
plumbago, or black-lead, not taken notice of by any writer 
I have met with. Fourcroy, in the laft edition of his Che- 
miflry, looks upon iron as an eflential component part of 
black-lead, to which, accordingly, he gives a new name ex-' 
preflive of that metal, carbure de fer. Lavoisier, in his 
Elements of Chemiftry, lately publifhed, mentions z carbure 
of zinc alfo, and fays that both thefe carbures are called plum- 
bago, or black-lead. The quantity of mineral I had been fur- 
niflied with was too far exhaufted, before I met with this ob- 
fervation, to admit of any further experiments, for determining 
the prefence of zinc in it ; but thofe already ftated, with the 
recolledion of fome circumftances attending them, perfuade 
me, that th^t metallic body has no (hare in its compofition. 
Neither before the blow-pipe, nor in calcination, was there 
any appearance of the peculiar flarae, or flowers, by which 

zinc 
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zinc is fo ftrongly charaderifed : if any fuch appearance ha^ 
taken place^ it could not have efcaped notice, as fome of the 
calcinations were particularly attended to during the procefs^ 
though with a different view, the difcovery of fulphur or arfenic. 
The white matter which remahis after the calcination 
is certainly not calx of zinc, for it v/as not a£ted on by fpirit 
of fait, cold or hot, while the calces of zinc are dilTolved 
rapidly by that acid^ even in the cold. 
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